Myristyl dimethyl amine oxide is a surface-active agent (surfactant) that has been used in recent years widely in detergent industry as the foaming agent and a viscousing agent. Although this type of surfactants are very stable, however, in some specific chemical media such as strong acid and alkaline cleaners, oxidant media containing sodium hypochlorite may not have sufficient stability. In this study, we will study the effective variables on the decomposition of mirystyl dimethyl amine oxide surfactant with trading name of "Ammonyx" and obtain the rate constant and reaction order of decomposition reaction of the surfactant in specific chemical media for each of these variables and finally the rate law of decomposition. The results of this study show that the decomposition rate of the Ammonyx surfactant to the concentration of NaOH is first-order and the rate constants at three temperatures to 4, 20 and 47 degrees of Celsius are 1. In addition, for comparing the accuracy of the two-phase titration results, high performance liquid chromatography HPLC method has also been used. For this purpose, surfactant concentrations in some samples under study were also measured by using analytical HPLC system. The results showed that two-phase titration data have good agreement with HPLC data but chromatography has less accuracy and precision from two phase titration method.
deposition to separate components of complex mixtures before their quantitative and qualitative determination. The newer methods for separating and measuring the amount of chemical species called the instrumental methods. Many phenomena that instrumental methods have been built based on them have been known for a century or more. However, use of these methods by chemists was delayed due to the lack of reliable and simple instruments. In fact, the development of new instrumentation analysis methods is done in parallel with the development of electronics industry and computers. Develop and improve the analytical methods to get the accurate analytical results and saving time and costs, are the main tasks of analytical chemists.
In analytical chemistry, instrumental methods act as catalyst that provides the possibility to communicate quickly between theoretical and applied principles [1] .
Surface-active agents that called surfactant are the compounds that are widely used today, in abundance, in the production of detergents and both public and private hygiene products. When, surface-active molecule enters in water, the molecules orient in ways that their hydrocarbon chain disposed toward the top surface and the hydrophilic parts placed in an aqueous solution. Other molecules are dispersed among the water molecules. The specific structure of surface-active agents causes high solubility of these compounds in various solvents, and their unique properties, such as high tendency of these compounds to be at the intersection of liquid-liquid, solid-liquid, liquid-gas and the formation of an electric double layer at the interface the tendency to form a micelle, which provides high cleaning power [2, 3] .
Properties of surface-active agent will be determined in two parts of hydrophilic and hydrophobic of a material. There are varieties of applications of these surfactants in various industries. These compounds are used as wetting, anti-spark and softener in the textile industry and cleaner in detergent industry and many other uses [6] [7] [8] .
In synthesizing of Ammonyx, first, the N and N -dimethyl dodecyl amine, t-butyl hydroperoxide and vanadium oxy-acetylacetone are placed adjacent to each other in a suitable reactor side by side. Then the reactor is heated up to a temperature 65-70 0 C so that the exothermic reaction started. Then the heating is stopped so that highly exothermic reaction subsided. The reaction mixture in the distillation column will be distilled at 90 temperatures and the product obtained from the column is cooled to ambient temperature. The reason for distillation is removing excess t-butyl hydroperoxide. Then, it will be soft by anhydrous diethyl ether, and filtering operation is performed under conditions so that to avoid the exposure of the remaining amine oxide to air.
Finally, it is washed with ether without water under vacuum and dried [9] [10] [11] [12] .
Ammonyx is used as a viscosing agent and foam booster in cosmetic-health products. This surfactant is very gentle, soft and non-toxic for the skin and does not cause allergies. To measure these amphoteric surfactants, various methods are used such as chromatography and two-phase titration [13, 14] .
High performance liquid chromatography HPLC is very popular method because of the sensitivity, easy adjustment for accurate quantitative measurements, and its suitability for separation of non-volatile or unstable thermal and foremost. It is widely used for materials that are very important in the industry, various fields of science and society. High performance liquid chromatography has been widely used to isolate and measure surfactants [15] .
In the two-phase titration method, the measurement is based on the belief that anionic surfactants and soaps will combine with cationic surfactants to create an ions pair insoluble in water. The ions pair immediately is extracted into the organic solvent non-miscible with water. The fundamental reaction is the basis for the equivalent titration of ionic surfactants with a standard solution of the surfactant with opposite charge in the two-phase titration. This process will be completed with intense shaking of two water and organic phase mixture [16, 17] .
Amphoteric surfactants Myristyl dimethyl amine oxide (Ammonyx) is a cationic surfactant in an acidic media and can be titrated by sodium dodecyl sulfate (SDS) 0.004 F. At the equivalence point, the color of chloroform organic phase will change from blue to opaque pink.
blue is the most common cationic dye. This dye is in single form in water. In titration that methylene blue is used, end point detection is difficult. The chloride and other anions create nuisance. However, by methylene blue, anionic surfactants in sewage, soil and surface water (even Sediments) can be measured [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
In this study, the desired surfactant that is an amine oxide will be used in a very strong oxidizing Ammonyx, sodium hypochlorite and sodium hydroxide and to obtain the reaction order compared to any of the influencing variables from the 3 influencing factors, the concentrations of the two variables will be fixed at high amount and the concentrations of third variable will be changed at low amounts. Then, the rate of reaction will be measured to the third variable concentrations and from the results, the rate constant and reaction order is calculated. Similarly, in the next steps, the concentration of the two variables will be kept in the fixed large quantities and the concentrations of third variable will be changed in less quantity.
Obtaining of reaction rate relative to sodium hydroxide
In this section, the concentration of sodium hypochlorite and Ammonyx variables held constant and concentration of NaOH is changed:
[NaOCl] After preparation of these solutions, decomposition rate of Ammonyx relative to [NaOH] is checked in three temperature: Fridge temperature (4 0 C), room temperature (20 0 C)) and oven temperature (47 0 C). Prepared solutions will be divided into three parts and will be placed in 3 listed temperatures. Then, the concentration of NaOH is measured at various time intervals.
For measuring the concentration of sodium hydroxide in samples, the following method is used.
2.00 grams of samples were weighted and dissolved in water in a 100.0 ml volumetric flask.
Then , 
Obtaining of reaction rate relative to sodium hypochlorite
In this part of study, the Ammonyx surfactant and sodium hydroxide concentrations are kept constant and sodium hypochlorite concentration is changed: In the following, 5 solutions containing three variables of Ammonyx, sodium hypochlorite and sodium hydroxide will be prepared in which the concentration of Ammonyx and sodium hydroxide is kept constant (both 5.0 % m/m) and sodium hypochlorite concentrations will be considered 0.1, 0.2, 0.3, 0.4 and 0.5 % w/w, respectively.
After preparation of these solutions, decomposition rate of Ammonyx relative to [NaClO] is checked in three temperatures: Fridge temperature (4 0 C), room temperature (20 0 C)) and oven temperature (47 0 C). Prepared solutions will be divided into three parts and will be placed in 3 listed temperatures. Then, the concentration of NaClO is measured at various time intervals. The sodium hypochlorite measuring method is as follows:
2-3 grams of potassium iodide KI, are dissolved in 50 ml distilled water in a beaker and 10 ml Concentrated acetic acid (glacial) is added. Now 10 ± 0.1 ml of sample solution is added to the beaker. Then, the resulting solution is kept for 15 minutes in a dark place and titrated with a 0.1
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N standard solution of sodium thiosulfate Na 2 S 2 O 3 , until create a light yellow color. At this stage, 1.0 ml of starch solution (freshly Prepared) was added to the solution and titration continues to disappearance of the blue color [25] .
Obtaining of reaction rate relative to Ammonyx surfactant
In this part, the concentrations of sodium hypochlorite and sodium, hydroxide is kept constant and Ammonyx concentration is changed:
[NaOCl] According to equation (12), the LnRate 3 curve can be drawn in terms of Ln [Am] . As a result, the slope of the curve x, (the reaction rate to Ammonyx) and intercept give the LnK 3 .
In the following, 5 solutions will be prepared in which the concentration of sodium hypochlorite and sodium hydroxide is kept constant in 5.0 % m/m and the Ammonyx concentrations will be considered 0.1, 0.2, 0.3, 0.4 and 0.5% m/m, respectively.
After preparation of these solutions, decomposition rate of Ammonyx is checked in three temperatures: Fridge temperature (4 0 C), room temperature (20 0 C)) and oven temperature (47 0 C). Prepared solutions will be divided into three parts and will be placed in 3 listed temperatures.
Then, the concentration of Ammonyx surfactant is measured at various time intervals. The method for surfactant measurement is as follows:
Measurement of Ammonyx concentration with two-phase titration method
To measure Ammonyx in the sample solution, 5.00 grams of the sample are weighted and is reached to 100.0 ml in a volumetric flask with distilled water. Then, 10.0 ml of this solution is reached to 100.0 ml in another flask. Now, 30.0 ml of this solution is added to a graduated cylinder with lid. Then, about 15 to 20 drops of sulfuric acid 2.0 N are added. After adding sulfuric acid, 10 ml of chloroform and 10 ml of mixed indicator solution is added and shaked well until the organic phase be blue. Then, it is titrated with a 0.004 F standard solution of sodium dodecyl sulfate, SDS surfactant [17] .
After each adding of SDS solution, the mixture is shaken vigorously so that the reaction products are extracted into the organic phase. The endpoint of titration is the color changes of organic phase from blue to gray.
Measurement of Ammonyx concentration with high-performance liquid chromatography
To separation and measurement of molecules by high-performance liquid chromatography, the instrumental parameter must be determined and optimized. HPLC solvents that are used for mobile phase must be from HPLC grade. In this study, the mobile phase for separation of Ammonyx as an amphoteric surfactant is acetonitrile solvent that buffered with ammonium acetate 0.1 M at pH= 6.5. In the preparation of buffers, after dissolving Ammonium acetate in acetonitrile, the organic solvents should be passed through 0.45 micron filters, until they have no insoluble particles. After filtering, the mobile phase should be degassed, so that no air bubbles form under the working pressure. Otherwise, the retention time of peaks will not be the same.
Although for the separation of surfactant compounds, the special column must be used, but due to the unavailability of the column, a non-polar column was used. The used column is a C-18 reverse phase column. The detector used is UV detector. For determining the wavelength of maximum absorbance (λ max ), a solution of Ammonyx will be placed in UV cell of spectrometer and absorption spectrum is obtained. λ max of the spectrum is equal to 220 nm. A suitable flow rate of 1000 μl/min has been selected that leads to a good separation in reasonable time [7] .
Sample preparation for measuring with HPLC
For measuring the concentration of Ammonyx with HPLC technique, after injecting of sample into column and recording the chromatogram, the calibration curve will be plated. For this purpose, standard solutions of ammonyx with concentrations of 10, 20, 40, 60 and 80 ppm will be prepared from its commercial samples (with a concentration of 25 % m/m) and the pH will be set to 6.5 by ammonium acetate buffer. After setting the optimal instrument conditions, 10 μl of each standard solution is injected through loop of a 6-way valve and the chromatogram is obtained. The software calculates the peak area. Before injecting of sample, because the sample contain a strong oxidant (sodium hypochlorite) and may be damage column, the oxidant must be removed from the sample media.
To neutralize NaClO in the samples, H 2 O 2 solution (30% m/m) is added to the sample solution.
Hydrogen peroxide breaks down sodium hypochlorite into chlorine gas. For removing excess
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hydrogen peroxide, samples boil for a few minutes to remove excess hydrogen peroxide [12] . To neutralize the alkality of the sample, a diluted solution of HCl will be used. Acid solution is added drop by drop to be neutralized. Neutral point is controlled by the pH meter [20] .
After passing solvent with appropriate follow rate and adjustment of instrumental variables on the optimal values, each time 10 μl of sample is injected into the column and the chromatogram is obtained.
EXPERIMENTAL RESULTS

Obtaining of decomposition rate Law of Ammonyx relative to sodium hydroxide
The concentration of NaOH in samples placed in 3 temperatures was measured at 10 day intervals. Each measurement repeated 3 times. The results have been reported in Tables 3(4 ° C), Table 4 (20 ° C) and Table 5 (47 ° C): According to the data of Tables 3, 4 variables, the differences in results are due to random error. The average number for reaction order relative to NaOH" equals to 0.93 and according to the rounding rules, the order of reaction will be approximately equal to 1 and this number is consistent with theoretical expectations that the order of reaction is an integer. 
Obtaining the decomposition rate of
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The concentration of NaClO in samples placed in 3 temperatures was measured at 10 day intervals. Each measurement repeated 3 times. The results have been reported in Tables 6 (4 ° C) , Table 7 (20 ° C) and Table 8 (47 ° C): According to the data of Tables 6, 7 Since NaOH and NaOCl concentration is high, in rate equation can be assumed to be constant: reaction will be approximately equal to 1 and this number is consistent with theoretical expectations that the order of reaction is an integer.
Obtaining of Ammonyx concentration by high performance liquid chromatography
In HPLC analysis to prevent column saturation, the concentration of injected sample should not be high. Therefore, the unknown samples must be diluted to the necessary extent according to preliminary information that has been obtained from other methods. In this study, the surfactant concentration in real samples obtained by two-phase titration. Then, the sample was neutralized in accordance with the instructions in the paragraph 2-5-2-1 and with appropriate dilution; they are prepared for injection into the HPLC column. A certain volume (10 μl) of samples and then, standard solutions was injected into the column by a special syringe and the chromatogram obtained. Each injection is repeated three times.
From recorded chromatograms, the software obtains the peak area of each standard solutions ic obtained by softwear. The calibration curve that represents the peak area dependence in terms of surfactant concentration is shown in Figure 5 . Y=1985.3X -3763.5
The average concentration of Ammonyx surfactant in real sample is 36. 
Overall reaction order of Ammonyx decomposition
Before, the order of reaction and the rate constant of Ammonyx decomposition were obtained to the variables sodium hydroxide, sodium hypochlorite and Ammonyx at different temperatures.
By using this information, the overall rate law of Ammonyx surfactant decomposition can be reported compared to all affecting variables in this environment: As expected, with increasing temperature, the rate constants increase. Now, by using these relationships, we can calculate the concentration of surfactant after a specified time.
Calculation of kinetical parameter such as activation energy and Arrhenius constant
Chemical reaction rate is a function of temperature and concentration. In most reactions, with increasing temperature, the rate increases, so the rate constants are strongly dependent on the With plotting LnK versus 1/T, linear graph obtains that -E a /R is its slope and LnA is its intercept and E a and A values can be calculated.
From the perspective of the kinetic theory, the activation energy (collision and transition state) is the energy barrier of reactant to product that the amount of energy depends on the type of reaction. In the decomposition reaction of Ammoyx in the presence of sodium hydroxide and sodium hypochlorite, as the temperature increases, the reaction rate constant increases with respect to each of the variables. With temperatures and rate constants, the activation energy of any of the three Ammoyx variables, sodium hypochlorite and sodium hydroxide is obtained.
Kinetical parameters of the reaction caused by the collision with surfactant and sodium hydroxide
Given the rate constants obtained in the previous sections, the following table 13. can be adjusted: Based on above data, LnK 1 curves versus 1/T can be obtained: According to Figure 5 , the slope equal to -1723.4 that is the same -E a /R and the intercept is - Fig.6 . plot of LnK versus 1/T According to Figure 6 , the slope equal to -1509.5 that is the same -E a /R and the intercept is -2.4975 that are equal to LnA. According to the data, E a and A is obtained:
Kinetical parameters of the reaction caused by collision of surfactant with surfactant
Given the rate constants obtained in the previous sections, the following table 15. can be adjusted: Fig.7 . Ln K curves versus 1/T According to Figure 7 , the slope equal to -2508 that is the same -E a /R and the intercept is -0.4244 that are equal to LnA. According to the data, E a and A is obtained: 
CONCLUSION
Obtaining the decomposition rate order of Mrystyl dimethyl amine oxide (Ammonyx) at different temperatures is important. With having the decomposition rate at different temperatures, the concentration of this substance in formulate products can be calculated versus time. In some products such as bleaching agents when the concentration of active ingredient will be lesser than an extent, the product loses its effectiveness property. For example, in medical products, when the concentration of active ingredient is less than the critical value, the medicine will be expired and these medications should not be consumed. By knowing the rate of destruction of a substance in a certain media, by adjusting the concentration, a certain life span can be determined for that product.
In this study, the rate of decomposition of a useful surfactant with chemical name Myristyl dimethyl amine oxide (Ammonyx) in a certain Home Care product that contains sodium hydroxide and sodium hypochlorite is studied. Since this product is exposed to different temperatures in winter and summer, the rate of decomposition of surfactant was examined in three different temperature 4 0 C (Fridge temperature), 20 0 C (room temperature) and 47 0 C (oven temperature). Since the measurement of rate constants is done in three different temperatures, by using the 
